
Dev,-! c.,_:::ot-,._ o_ ,[]o_l[_.]Jo ] s l-oz.

C,or._:£_,_P_. "?o,, -, r,o -• :' _:,:,-:L1 ',"30

Co:,.i:_"o]. ::o. D,":;_,T1 [_-"_' 7,:_-:_,.

REPRODUCED FRDM EiEST AVAILAE;LE COPY.

J

d

dffHZSY,J

Ii,

(NASA CR OR TMX OR AD NUMBER)

"i_:.!!F
:: .- :::

. . ....

}p.-

(THRU)

(CAfTRY)

, • :; ,

L _

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

Springfield, V_. 22151



_qPAGE , 1._'1 ,?:.... _ ":-%" .......

" _O_DevelopT::ent of _,or,.r_:o!s "

. }' _-- _

Con _]:,.,,..;'..."'c)..,,_:'\._8-II°30.... / "

Control ;:o DC_: 1 ':,-.::OI')79-_-01

Prepared for"

ueorge C. /.arsna]l Sp,_ce Flight Center

,<_ation0.1 Aeronaut-los an4 Space Administration

OctoD._r 19 £"OD

Prepared by:

Reviewed b],':

"_Pl- roved "iv :
d

Do q. Cole

L. W. Davis

Pc E.._nc]erson

t_B S2-2(AC T

The objective of the F,,gA spon',;ored progre_m under which

_his work wa_. pcr_ormoo is to iP_.pr'ove ..]e properti_$ of weld-

ments in alu-_,inun p19 _-___.by controlling tine-tem,v, erature relation-

ships durin_ t%-e wel,_ing operatlo:-. T!_.is repo2"t contains the

results of an e:,:peri-,:ental stud), to deter:nine the effects of

controlling this rel_u_.on._P.,p by employing a concept for

chillin,:_,_ the we].d:nant sinultaI_eoc_sly _<ith weldin _-_"oy i_pin[_e-

,nent of l[:_ui_, <,.J-_je in the ",Ic[nity of the weld Res'jlr_

in_cete t,_.s.t t_'s - nrod'_c[n] su _, _"• " r .-._op. is fes.siLle, .. . :_ _0 ..... :..S_.,-.nt ial

[ncre._-¢-s [o ;i,z.!d --.:-en,._t;" _.nd re,_,'_'_n -, .....cortLo-, _r"_d

It- is also i,_-'_.c:? ",-_ '-" .... -......... o _{* c_n _ _.ed,_ce@

. ,_._u':,_ and anal/s!s of•echn;ca2 hac!-::ro:dnd__, eT_ocr[-:_,,_,-o.l,...... _roc. " -_'{'_.,
results e._e p_."c_:.en..._:d
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The results of these tests shall not be circulated,

referred to, or otherwise used for publicity or advertising
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l:+m: ct_z_'ent aerosnace apllicn, t:io:;'-: it is essentfa], that

properties of alumi.nu':: allo/ weldment::, be [ncree,.sed to the

t:-axi:+t:,:.,n.nossl:.!eo Properties 0_: :.;eat- trea.-_a} ].e al]_o)'s i

p.':rticu]ar]/ t!_o:;e involvi:_u, c_-st struct'_re, are tithe-tempera-

ture depondenL-.

The _ork covered in this report was initiated to investi-

gate the :_:easi},ilitv of ap[.l)'i,_:, a concept _or controllin,?

the ti:::e-tenperatu',_e relattoush[p by [upti_ge::e:_.t of liquid

CO9 jets in the vic[:i[t'/ of the t.:el<i concurrerlt wit" the

we]•di, ng opel-at[on to proc],.'ce be.neficia! t:her:'al p_:tterns.

. t:.o,.,e ,_r,[c +, wou].d _ncrc:ase theTazoe_ t'._¢--'r::_a]pat:terns were .+
t.:.= 14 a.e_thez":":al gradient in _,e *2e ..... at+ld shorten the t[:ae above

¢.. itical te_,:pc:,ratures to a -,:intmu:p,.. Sue > patterns shoulri

produce weld::_ents with finer grained cast st:uc:t',.:re and narrower

[.'.eat affected zones, v[-.,Lle in.kiDiting _<--_'_e'-__,lS,b_,_ .... _tio:_ of <gases

J ....... i-.:g formation o_.and stren::the:ling ele>,c, nts as well as ,,,,,_:,_...

UD.e_e S [Y'&L le,_ C o_',_ n,_*_<{ -+

Material+ seiee+ed for the expert+,en"=l wor?< _¢ere alum-

. ... _..,e .... o:. .,i16tnua allo-.,,_', 221.9-T87 and 70t.4-'6 _n plate _btc' ...... _

._ ,' l/51'.inch, we: ,_ proce _ ..,..n,.: . The ldine :_s selected was ,J_-S.+" t_/:.lL.F, sto-- ,"

arc, >'i__h ,,++,+in:: _,, .......... p ..... +,-, . '._,. In.. _ ..++ _ to t.., :, _-_,_--. 1 ; _'-:r:d from o+.e q i_a., , t':e

"free state" in the horizontal, petition usi:::: 2319 filler :cite

for Lo_q allovr. One 9_ _ was prescri':ed for _}'.e =,/16-inch

,material .:_nd ewe passe _ for tile !/'.-inc'_ :::a_2,'_te].

-_ _ • _ -_,_ . e-'A_Lxpe:-tm_-:ntal equip:left a::o procedu_<_s vere .,c,._.1.o_ ....

for weld':.t:,_ _2 _nc::. x 48 inch pa::e!s wit:t su:itcte::t, :nst,u-+

mentg, ti.o,: to :::oni.tor pert].::ent beat i:,:put- :::q.£ ox,'__action

variahle_. Uelc'.,:nent: ter:peratu'.,-es were measured by ther:_ocouples

/,.r<tl,ec!c_eoin the pl.ote. ' i:::ite_ invesci_j.atio:ts _7er(, (.o:.<,']cte@

for ::ea:-'u_,i.n L weld _,_:_,_T:4_ure.'-;_.....- w,,,) 'uee.:ts of [n'.:-_-nred radio::eters

"fwo .':evi.es of welded :._ar:n1.s were fah<-icated. ::all of eat.:b

vet-ies ",.:as vo].:{ed wiit:o.it c'.:til[::-_3 a:i-! he!f vrith liquid CO

ch[].].i: _-..¢+, _t_,_':::ntEn_., + -o. :aintaiq co:-:p..,_ralle, weld bead dt"-e__,,.,,-

sion:. :< the first _e:i+.Ts, c:uilltrt.g _-,:s eff_:cted f._-o:: the

Lack side of t:-.e weld:=e::t usi:_g, a dou-!e laver of slas:- te.p_
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to prev,_._t de: .... ,':..... ' _=,.,:-tion and conta:::inatio:, of the under!:,eaJ by

tire l.iq'._:i.d 06 2, in the second serl,_s, _qeld:-,cnt_" _ere chilled
fro_ the fron _ {t.or_,,, side using a shi{:IJ to preve:,t ]eat, aoe

of CO,; into the arc area. Several systens of jet orifice sizes

, a.,ana,_.._ne .... _;ere _ d for each series.

C , , a_ -""" " d and chilled _zeld'nents for both se'ries

_;ere exa'ained Ly X-ray, fractu:ing and nacrosec-.ioning. Ten-

all(, tes::s were per_om:._.d after natural ,.t_l",'"'_.t_., ar_'i.ficial

a_te. reheat-,: eating to the m-6 cot,dition.aging., and "_.... _ r

MacYosections shov that chilling markedly reduces the

grain size of the cast structure sad significantly na._rows t!_e

heat affected zone. >_,,_"_...o..,_ of tensile tes _,'_.,in:_icate su_ -

stantia], i'_'.p.."ove::_entsJn the yield strength (up to 207) for

chilled welds. The effect on ultimate strength was less

clearly defi.ne@o In so'._e cases increases up to 18_;,'_,_..'ere

obtained, ap.d in other cases slight decreases were noted,

Changes in porosity were sirra!laxly not clearly definr-:d: however,

the indications were that chil]in Z does not degrade the weld-

ment in the:re respects. £n some cases particularly in welds

chilled fro::_ the back side, marked improvements occurred

indicating tt:at nacle_,._ion and growth of porosity might be

inhibited. Chilling from the front side greatly reduced

warpage both in longitudinal bow and peaking.

It is <:oncluded that ap;iication of chilling by cryogenic

llqui,_._: is feasible for i-:orovJng weldnent properties, an.:_,

further develop:'ent i.'_warranted l-ased on the. i,_provements in

yield ";crcngth an.:,,control of warpage. It is expected greater

strength inprove'._ents can be realized_ and tha_ the concept

can be applied to control of warpage and residual stresses.
It is therefore recom,::ende_ thal this work be contlnued to

verify and extend results already o[[_:ined, and to refine

equips:eat a:_d techniques preparatory to applying the concept

to productio:_ -_'e].ding.
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The objective of the program under which t}_ls work was

perform_ed is to develop methods, tooling concepts, and processes

to 'control the tine-tem.perature characterintics in the _,_e!d and

heat-_ffected zone, in order to improve tensile properties and

re_!iuce po-_o:-Ity in altr._ino"_ wel<!:_cnts. A secondary ohjec't_ve

is to advar_ce the state-of-the-art by developing control methods

whie!_ will aid the welder in consistently producin Z be.tte':

_,_elds in all materials.

The need for this work has been brought about by the

increasing requiremm_t, for hli_,_L_-,__ s._,-_-",,,_'n-_e_ghto_ratio and

for greater reliability of weldnents in aerospace vehicles,

in partic,4l, ar the aluminum co;;_ponents for the Saturn V boosters.

Stringent dc,.ni_,_,_o,- de .....ndo have made it necessary to obtni,., +}_-_

maxirau:_ properties from the best available mat:erials, as new

material:: develop,ucnt has not been able to keep pace with these

der_ends. Therefore, thP increased design require;_ents must be

realized by improvements and innovations in-those areas of

materials processing wh£ch will raise design allo;,ables of

exi_n_ materi _ _,"..... ;- "_s by decreasing deo_,,.arion and inereas "_,_I,_o

reliability. 7}_e fusion welc, ing process characteristically

degrades propertie_: of most high Strenzth materials and also

decreases reliability b/ intro_Jucing defects.

t. ea_ .... !e aluminum alloys areThe copper bearing heat _ _":"

severely ;___,_.._-:-r_,_*-_by fusion weldin_R_, as their strenr*th_ is

de,pendent, upon a sensitive- "-_-_e-temoerat,_'re.. relat'_o:_ship--., and

we!din_; prod-_ces an adverse relationship. A cast structure,

which connain* 1o._ a,ud i-::prop  .rly oriented zrain  may be
produced. The parent netal adjacent to the weld will be

affecte@ by the heat of weldinz. This zone will contain a por-

tion in -'_-'._..,_c._'_,eutee_ic......melting _._as occurred, a solution annealed

area, a partially annealed area, and an overased area. Depend-

lag upon the time-tenperature relationship, the heat-affected

zone _,.,:_a_.,be wi,Ae, or narro,-," an_.,..the zone of eutectlc meltin G

may coutain s_a!i or large amounts of coa].e,sced strengthening

and :$ra_p. refinin, ele'uen=_ as ",:ell as undesira_le " ' "..... c o::',p o Jnu :..

All of these .-,.e_allurgical structures affect the sLtrengt,_ of
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the welded joint. An o_)'_:i:_u_:_ tir_e-te<perature relationship

during the wel_Jing proces:_ will alleviate these degra_;ing
effects An ir-c,-eaaer_ coo]-_,_ rate can redt_ce ?,raLn _ize and

retard agg'io'.:teratio_._ of strensthening ele-:tents: a steeper

ther'mal gr:_.die:_t: can reduce the size of the heat-affected zone

and alleviate adve_:se g:ain orientation in ti_e cast str;_c*ture.

Fusion _elding can also introduce "mec_'_anicsl +' defects,

such as gas. and shr_r_-<age'• Dot. os__ty, into une weld . While

these defects are not ordinarily thou._.ii_t of as being titan -

..... ;-_" of weldin$., it haster:_peratu_+e dep.e.-_op_t fron_ the stan,;p_nt

. ., "+ " t_-:e +++eking of casti:igs that they arelong been recogn_ze<_ in

in fact _-'e_].y i.:.:fluenced by coolinf_ rate and direction ofi._.a..+ -=+% %+

solidification Since fusion _+elds are, in effect, _?nal_.

ca,,.,t_n_,_-'_+_, si:ni]ar prir_-iples sl_ou]d apilv...... _ steep thefT.el

gradient produces srn_ller dendrites and allo'++:s resi,Jua], liquid

c +-" redu, c [ng s.hrit_.k-metal to more ef._+ec_velv feed the inter.+_tices,

a _,_ poro_it,;._. . Unidirectio:_al. solidification also_ pro:notes
e$_-, ,+,_._e= formation of shrinka-e poro<_ity....pe of gases and alievi __

• _ .+ . _ < ItsFast cool_ng inhibits gas Dol+e growth and _e.._u in a reduc-
tion of --_.... s6 • "_- porosiny.

Fror:_ the above, it is apFarent that an optin:_'_ ther_al

pattern, which wou!d inc're_+>e the th_r:ual -,ra,Jie ''+ and reduce

the t[_,e at te:uperature in critical ranges, will improve weld-

ment properties.

The use of ¢i:11! hats has Io:_.__ been used to achieve

quenching during we!,]ing. Vhi]e this r:_ethod is perhaps

adequate for welds in non-critical struct:ire, it has three

distinct disadvantages: _!) +"+n- ifor_ contact between the

chill ]+ars and the work piece can cause_ er:-at[c chilling

with resultant hot and cold spots along the length of the weld;

(2) lhe degree of chillin_ is not easily adjustable to the

variety of r_aterials, thicknesses, configurations, etc.; and

(3) "{lard' tooli +,+ cannot always he used

Efforts to control weld chilling by selection of special

chili i:ar ::_a_erla!s, suc_. as ticani;_.n and irlsulator-type

n_a+e * tnl <_ _,::_,e ir_ica+ _) +.+ecu so:::e oro;_iJ> i:i ov=_o_,i ,:, er:'<Itlc

chil]i:i:$+ bt.,t are _u:-i__'ct.+to. t$'c._+,etcher l_.+_dta*io.qs+_ and pro-.

d'Jce only o li:_ited degree of hezz ex:raction.
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"lhe co_cept chosen for accomplishi.:ig the progran

objective was al.te_:_tion of the the_'_al pattern in the _,_e!d-

n:c-nt during tL_: _;elding process by i_pi.ngeme_it of cryogenic

liquid jets i:i the vici_ity of the wel_. By proper balancing

of heat input and heat ext_action, the ti,'_e-te_perature

relatioi_ship for the wel:] cast structure arid heat-affc_cted

zone can be controlled to :ninimize porosity for_ation,

g,,-'a_n' ._>,._o_Tth_, over-_<:',-.-,_.oz.lo and coalescence of grain refi_ii_,,..o
and s"_.'_-_._,o,t l_ n i ng

l'he program was divided into two phases: a four-month

phase for literature and iziduz_try survey, and a fourteen-

m.onth experi:._e_ta], p_lase. The pu_"pose of the first phase

was to deter::-_ine the state-of-the-art to avoid duplication

of effort a_Id to obtain any inforznatiorl that might be useful

in the progran. The second phase inc!,Jded all of the experi-

met_tal work, and was planned to consist of two principal

steps° The first was to establish realistic therr_tal patterns

dcsiolled to i.'aprove the weld properties. The second step

was to devise and test various r,leans of providing the time-

ten:perature corltrols req'Jired to attai[t maxin,'.m increase in

tensile stz'eli_th and decrease in porosity. Weldins st:._<lies

were to include two plate thicknesses, 5/16 '_ and I/2", in

each of two alu::_inum alloys - 2014-T6 and 2219-T87. WeldinF_

was to be performed in _'_._,,_horizo_,.tal position by the semi-

au,+_3-._atic TIG process, using direct curre_t straight polarity,

on square-butt joint preparation with _ fil _,. ,_,,_._, _If_

required.
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5_.:e p,_.'_pc,"',,c of ti:e survey _,:as to o_.tai_.,........ _,_for'r,.-'.-tiou

_#ilich m]:f.}.t [,e helpful i,_ the perfor_r_ance of this progra.r:,_

by ,.r,',_,i'_i:_,._ . ..._ c]u_lieat:Lo:_... ol eftort and/o:¢ by supple:aentln._

tl_e OTigiT.].a! p;.ogra:n concept°

('..:r'.:ent _;--_ract bulletins publi..;hed hy the "_-,_-ional
_-_flT-,ini:-;tration (_EYAf{) and _'-' the _f .... _e,,e'ronat,,ti...s,'c.nd $[.ace "" ' -, "_"_-
",'_ he¢.ked for repo_ _s of wo -'uDocu_,._.et_g;,t[on Center < ..._.,)were c .....

perti.'_ent to fu._,ion _:elding of aluninu,, and significant

reports "4{.'.reacquired for review.

_% s im.ilar survey was r:,,adeof s.ppllcable technical books

and periodicals, including those of t'._e Ame.,_ican Welding
r .de Is " the ,_Taeriean

Society, the American Society ,.oz" ta an_ '

Institute of :ii,.._ingand :.._etall.ur_ical En?,ineerSo Particular

e.:::phasis was devoted to is_,.ues of the 1.Te]diug Jou'-na.l puS-

fished dr.:ring t_,.e p.--.;.'-:tten years.

"[hose organizations and individuals who were considered
to be involved in work rebated to this prograz_ were contacted

for personal interview or for inrervie_'_ b)' telephone, lhe

cooperation was e>:cellent, and in so:ne cases special data

_,_ere furnished and tours of plant, facilities arranged.

No t'epo_'ted c,; u:-_reported work was Io ...... wt_ch would

indicate t}_at any part of this program is a duplication of

effort. _ considerable amount of information was obtained

w_._.-'n"" facil[tar.._-_"._ the expc.ri.=ental portion of the. progra_,

p_.rticul.arly t",at work pertainin::-_ to hear_, transfer analysis

and speci{ic,, weldlr-._,o techniques currently., is, use for fabri-

catin_j aero,':.pace :,tructures by weldin,.f, the particular .materials

involved. ,_ large amount of wo.,.k has been don{: and is

currently in proi.:'e.ss to ir,prove the quality of weldments in

as, o,.,pa_,, co:':po;:ent '_:fab_._cated =...._ aluminum ._IthouS%, only

a few sp,,cifi.c ,_;t:_d[es have ap1",arentlj" been conducted on a

latoratorv basis for deter<inin_g the effects of ti,_e-tempera-

ture o;_ properties of weld:.,nent._,, a sood ::.any of _b,,. p_oc_ ..

COI!KIO].Z a.]OOtCC.', for ,-_'op,. weldin-._ ar_ aized, in the diraccio-_

of cor;_-o]l ;" ' t:<e=-ma] Daltern _.
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The c_:yogenic liquid je: concept of c!-illing has two

advantage.'; ove_ pre-chi]_ling the eY,.tire parr prior to welding.

Condensation of noLstut'e in the area to be welded can be

avoided t.)" adju_tir:.g t!,,e jet arrangenv.nt so that. t}:ls area

i_ no_ cooled !_elow oo," _.e..,p.__a_,__e until _t is shielded by

_" o h at_o._:.p _..... ""the welcln o to,,c _,,_,.o ,:'_us, there is no :reed to pe_-

form t_-e ;:cld']._,_,,op,?,a::fon in an en,.'iron:'_ental chan}-er

Secondly, [he degree of chill'_-n o'-and. the c]_ill[ng pattern can

be ea:-it].y adju:<ted.

f'ro?_ dav a o!.talned {t-o< the survey, apl-roxi.mm._e calcula-

tionL: we:_-e ,:_ac!e to determine %'hether or not [t would be

{easfhle to ach_v _- the chill]n ,- reoLired for chanbir _ thermal

patterns dtlring the weldi,a_, p_oc:ess c.y utilizing_ liqu . CC;2

as a chilli:t-._ a_ent. ._s shown [u Appendix.._ I, it apleare:_-

entirely poss[Ll¢: to accomplish the required cooling, using

liquid C_,z_.)on Dioxide.
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":he e>:p,e.rir:_e:_t._'.lphas <e of the program was di.vided In,to

three ::,.ajor seeps. ::.'_tefirst step consisted of development

of equl.p'-mnt and instru,._entat:on. In the second, experimental

studies we:'e perlor'._ed _o dete'.cq:ine t_e e:fe t of chilling

the wel0 from the back side. Studies for chilling the weld

from the front side were performed in the third step.

B £_uig:nent aud Instru:::entatlon

Existing equipment x..,asmodified as shovm in Figure 1 for

welding test panels from one si.de in the horizontal position.

The basic equipment consisted of a Hiller Model 60E/1200 power

supply, a :'_iller high-freq_mncy unit, a Berkeley-Davis side

beam and carriage system, an Airco TIG welding torch and wire

feed system with mounting brackets, a fixture for 12 i_ x

48 in. weld panels, a cryogenic jet spray system and suitable

brackets and attachments for mounting radio:neters.

_eldin__ Power Supiply

,'_ _ - _" _.e'_- type ,,=J-_-_,- , :,"-_- _" _nn/!°_n

nl.gn frequency, was used to s,apply the weld-with superi_-po _ed _ '

in; current. /
/

Side Bean: and Carriage S-¢stenLCI ....... --_.

,% 12 ft. Berkeley-Davis System _-iodel No. TC4 was mounted

on a rectangular sups:oft fra:ne fabricated from 2 1/2 in. dia-

meter tubular steel pipe which v:as anchored to the floor and

to the building structural members. The side beam carriage

speed %,as controlled by ap. electronic governor (?!odel g<z-3)

for travel speeds ranging from.. 4.4 to 22.01 inches per _inute.

•T "" hWel d _..!Z. Torc

_m _rco ?roxi:::itv Control ._.d_l ::'_.!:T," hellwelC u qi with

metallic nozzles of 5/8-i:',. and i/2-in, orifices was adapted

for ser:i-auto:at:c -.,.re.!din:gusi _," 5/32-_n. and 3/16-in., _:• .l_ -

thoriated tungsten electrodes.
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Wire Feed

An Airco filler wire feed with wire positioner was installed

on the carriage syste_n and fitted for 3/64-in. and 1/16-in.

wire.

Panel Fixture

"l_e fixture for positioning the weld panels in the horizon-

tal position consisted of a frame fabricated frora i/4-in, x

3 in. x 3 in. stainless steel angle iron, with a "free '_ area

of 4 inches on each side of the weld centerline. The panels

were clanped to the fixture by means of angle clamps which

were machined for each thickness.

Chill in%_Sys tern

Jets of various orifice size, flexible hose, and liquid

CO 2 in 250 lb. tanks were obtained. An attachment bracket for

positioning the Jets was nounted on the back side of the weld

carriage system. The location and number of jets were adjustable.

Instrumentati0n

As sheba _ _i_ure 2 the Instrum, entation for _oni+ori -o

welding process variables and thermal patterns in the weld

panels consists of Weston ammeter and voltmeter, an optical

tacho'neter, a l,eeds & _orthrup 12-channel temperature recorder

with thermocouples, an Airco helium flow-meter, an Airco filler

wire speed reguletor, a Tektronic oscilloscope, and infrared

radiation _hermo_,e ter s.

:,/eldin,% Speed

<'_noptlcal +ac_._,,_ter,,..,_,..,,..,._utilizing light reflections fro_

the carriage drive motor shaft, was used to monitor we]d'_n_<_

speed!. The reflected light is directed into a photocell, the

signal frown which is converted into revolutions per minute by

a }[e_,.'l.ett-Pac'<a_d_ Froc_,_n__._ .}_- /er.er, Model 50OC, This motor

speed is "'_-t_._ ca!iereted in ter_s of travel speed in inches

per n_inute.
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.... . "" r', v'i:h a 750 __,_9 -_r,._,nt,was., ;,rc'St:';O. D.C .... _::_.<tel;e, i :<o..,,_-[ 1, .... , .....
- : . _-: ich in conjunctlot__n,,'tr:].].,.-,,. _ ".p. 1: ..e workp[oc,._ ]:;ro_.'._d ]e;_')

:._.it:_ e, :<::s:op. D.C. Vo],*L,,er.e':: ::o,.o.I 1, :':o::!.g:o::_ ,:ho. wel.din 6

Barr',.,"s::<_ni.:_ S r_.dio::eter <al:_o in_:a_c_,<!) v_e-..-eoi:,t_.i:.:edt,oc

ev:l.u: t'iom.
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i_e.lc.ling st-+']ie_' were perforT:_ed to develop _,el:':i.n.gand

[nO para.,':oter,":, and _:o _;et¢:_:,_i_'.et'::e effect o_ c,_:illing

on weld,:;ent p+:opcri'[,-:. It was de:_on_<;trated t_-.at (:_lllin,f,

fro_:_ tl_e ba.ak side can he successfully a,.::.:,?_:pli::_hedto produce

:nat_,ed i::_prove,-:_c:nts in properties. :ncrease_ up to 14.5_7+,

in the '._Iti.:ste tensile strength were affected by the c._illin.g

syste:::_ uaed. In so++:_ecases porosity reductio:_, to one-.half

_¢ere notedo _.,o_-_+' on cn/l.l.i:,,_' - ..... _,-oa _!...o b:-('k ,'I,),_ was dia_conut.n..ted

after a decic;io.,i t!_at only c:.il£ini; _ro:: the f_o,_..+- side would

be practical for rhc+ _;ajority of. pro:!uction weldrnents,

Sys "t.(,-'= were fabrica:ed to effec: i::pi++=e"_- ,e _,t o_ _he_ liquid

+ ' ide of _he weld Figure 3 ,,news a sCO2 on t;:e back s . _' ketch of

a _yDiCa]. syste'n. These systems wev_ d .....igned so t:-.,ata series

of jets could be positioned aloe:; the weld sea: on the underbead

side of vh_.....p+,,n,...................] 7):e ,-. , ,"', '+,+,'," and *elaZive po_'itio:: of each
| ' _qI+ E. _+,jet, am well as orifice size, eo;.;+_, be va+ hakim 2 i.: possible

• ,. t:_:: ]_ocat[ong o[to adju,+t the aTaou,_t of COo delivered and t

imp_noe::tent. _,_, jet +.:old_r s-;ste.m was attac,:,.d to the welding

_-, tor_ _. keep'c;_r'_-i,nic,so ,:_at it _.x,,-+d a!or, g with _,e weldi,, o :. _ng

the rel:_t, ive po_itiot_, o6 each jet co::_r.nnt ::ith re:_pect to

_t:,e teloh a].or..g ,.._,efull le::gth of t ''_ wel _ _-' :\ _"_

_flexibl.e turin D delivc:_ed the ].ic',:i'_ CC 2 fro:.: _:.- _a .... to +t._
) '-e;,:t::+i. S 'S.,.+ ,

Inl. ingev:aent el: CO 2 on the me]ten T::etal c',u.+;ed defor:ation

and cot'tanin:,tion of the weld uncle:lead. Test,+s we,+:e parlor'ned

to select ;.eld Lacking r,mterials "chat would or,n_+ect the under-

head as well as per:nlt adeeua:e 'nea,+ trT,.nsfer for effective

chilling.

.::.+,-_+_:i+''+ m;_teri,.:!s ' ":nvesti o........ :c=ne.,Ive and .-:o::-

ad_,:e_,ire. +nl ,_..._ t_::pe, fine-c oDDer.. ,:es:-.,. _r_.___,,_.,._copFer mesh,.

copper foil n::._,rl..::i::un ?:oil. +_I[ ::atc:::.-.Is :qeve cu: :nto

st_ip.+-, cp;-:+-.:._:i:a.-e:)' two In:":e_ wi.:k, a::4 t',;olvo i,:ches lon_.

?':e::e .........._r:-lo:::... w,-+_+-pc_s,teT+,_?d..... ++,+,'..,,+i(:s._ -over _ _e ,Ander':+?eo+c's."_.:_E.'
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of the plate to be welded u,_ing adhesive glass tape. Double

?:,lass tape (adhesive glas.'_ tape over non-adhesi,:e glass tape)

was placed at incerva!s k etween the materials being investigated,

and additio_._al ir_terva].s were left uncovered for co'nparison.

,dl welding _.nc: c!:tllit:g var]al-les were kep _ con_,tant

;:" each plate t1_;_l'n_,:_-. ....... ..... ., and n:acro-seceions, were prepared to

setup:ire.. *',_,:._, effic].ency of each matc. rial for _,ea_....extraction.

By cobb:paring the size of the cast weld nuggets as shown

in the photograpl_s of macrosections presented in Figures 4

through 6, [t appears tl-at copl.er foil tran,_sfers heat most

efficient]),. !io'_,zever, the size of the heat-affected zone

.... _ theremair, s es,:e:_,_ial].y tn_ sa':De for the two cop[:.er meshes,

copl_r foi _ the alumiaum foil, and the single glass tape

Final sel.eeuion of double glass tape for the back[:'_ Z ,nat'erial

_.ms based ou a t_ade-off of poorer heat transfer efficiency

with reliability and ease of handling.

Dr-_,v e 1 o_::,e n t o f 2J2 i,-!i 9 =z af__d_Ch i ! 1 "na Pa _ a =e Ler s

Welding heat input and CO 2 chilling parameters vere val-ied

to obtain welds in 6_ach thickness of each plate alloy wI,_ich

%,;ere nccc, ptable fro::, :l.,e stan:]point of p]:}sical ap;.earance,

' p! , • a si_ .r . ,a-j, ":_ '-:m ,-o.>!:r-g rate.vf-i].e nccom, is: _:?_ ...........

Elf orEs ;,e.ve :':a.-Je ,.:<,nve_are uncItilled _,.:elc]s and chilled welds

.,, ..,(- ,:aF:r]C-r" $0 tt_.t *'_" ]o_,_

i_].ue::c'e t.i:e chatacterisLics of _". _,;__ weld would be rc_duceci.

...,p-c._._l the c)cle curve_ s.howinv the change_ in "h_

cool i,-,-...,,_ a ate and ti-:'.c; a- te_,peratures above _,OC °;r. are shown

in Fi.:ures_ 7 through 16.

-r;, -....., "",,','r,* f,'._ selected veld panels were plo,-+ed,.=e ....... i pat._ ................

aud are r;.hown in ',pl:t:ndix il. By co:::partson of these patterns

for chilled a:_d unc,hillt.d welds, it is apl:a:enn that.._ubstantial

chlllin_ has been efYected.

.,pi'e..udix _-I o:_o:-:s calculations for at.at input and heat

ex=.actlon for a sorie., o # welds in 2C!g T6 plate. The calcu!-

• '- _ ffi .... CO.-, can or]vide st_fflcientatioaz, s::o:: ,'_nat at .:C, e cte_;,%', . ,
• _ ' ficcooli _,- _ ' ,_c'- rates ........... ':o r + , ial_ _0 DI'O','._',JCC: C,,_, ;i _'¢_rr"'l_"v -_'_ e_ feC- DO_A'C_

C lali _-._. ill ."t.9. "L'l".",ica "1 "" uCttlTe
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1

1ACB-1

Chilling: Liquid CO_

Jet System No. 1

Backing Material:

None

IACB-2

Chilling: Liquid CO=

Jet System No. 1

Backing Material:

Single Glass Tape

1ACB-3

Chilling: Liquid CO=

Jet System No. 1

Backing Material:

Double Glass Tape

1ACB-16

Chilling: None

Backing Material:

None

Figure 4. Efficiency of Glass Tape Backing _,taterials - t_acrosecti0ns of Bead-on-Plate

Welds in 5/16 INCH 2014-T6 Plate (3X)
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1ACB-1

Chilling: Liquid CO_
Jet System No. 1

Backing Material:

None

1ACB.12

Chilling: Liquid CO2

Jet System No. 1

Backing Material:

Coarse Copper Mesh

1ACB-13

Chilling: Liquid CO2

Jet System No. 1

Backing Material:

Fine Copper Screen

• -: : " ; __:_! - :_ Chilling: None

" - " _ Backing Material:
_- ""L7 _ '.

_: " . ....... . .:'- ,7_ None
• " '" -! '" "" ' • " " _.t

/
/

T

Figure 6. Efficiency of Copper Mesh Backing Materials - Macrosections of Bead-on-Plate
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Tensile Properties

Tensile specimens were prepared from comparable chilled

and unchilled weld panels. A straight-sided tensile bar con-

figuration was adequate as all failures occurred in the vic-

inity of the _eld at values substsntlally below the strength

of the unaffected parent metal. Welded specimens were

naturally aged for a minimum of one week prior to testing.

Principal]y "bead on" specimens were considered as this condi-

tion was selected as most applicable to current hardware. How-

ever, a few tests were also performed to evaluate the effect

of chilling on the properties of the cast weld metal. "Bead

on" specimens failed at the edge of the weld, while "bead off"

specimens failed through the cast structure. Tables I and II
show the results of these tests.

Porosit I

Welded panels were examined for porosity by radiography

and by fracture studies. Table III shows a summary of esti-

mated average porosity for unchilled and chilled welds.

All welds contained some degree of porosity. Those made

by one penetration pass without the addition of filler wire

contained relatively small amounts of fine scattered porosity.
Welds made with filler wire contalned substantial amounts of

gross porosity. Porosity in 2014-_o_ _el _^_+o_.,_,._,_-_.___tiallv,

spherical while porosity in 2219-T87 weldments was principally

of the dross type.

For these weldments chilling from the back side reduced

the incidence and severity of porosity by a factor of more

than two. Although porosity was abo_e acceptable levels, the

reduction effected by chilling is significant in that a trend
is indicated.

Subsequent studies, performed to determine the effect of

front side chilling of welds, indicated that the high level of

porosity resulted from incomplete removal of surface oxides

from the wire and weld area prior to welding. This was

remedied by chemically re-cleaning both materials and scraping
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Ta\,le ]. Comp:.irison of _ - °_m,sile P:-ope__ies of" Unc].il.!ed

Welds anc_....%4elds C!_illed from _-,e '._ack Side by

Liquid CO 2. - 2219-T87 _'lateo

5pecif._en

_'I16 '_ _ead on

"[es t

Ulr:imare <psi)

$. Eiong. in 2'
=. , . • .. ....

I/2' - _!ead-o_

Yield ipsl)

L l::i-:mte (psi)

% Elong. in 2"

Yield (p,':i)

Ul_imate (psi)

%, idlon S. in _""

Yield (_ei)

Ul_imat e (._s[)

_-,',_£,1 o n c. ;. n ,9'"

Tensile }-_ro,oe r t:le._

Lh_c;_ilied Chi].led "", '.... '"_'". J.... p_ OVe-.-_.,-l,.i

1.8, t-OL:

36 r,,:r

4,C,

17,((,.

37, IuC

6.0

1 ._.,( ( (,'

3B, 50C
4,0

1 c :,30C'-' |

37 30C
}

4°0

19 ,('Ct

J 8,30(.

• '4.0

2C:, 4",-,t

4:'-" ,OCt
6 . C

1 9,80(.
37, C_(..(._

f.O

/ r'l_ ,-_- - _ead-o! f 17,6(;0

._6,3C.C.

4°0

e ,o.'I t.

0

11. _,;%

13.3";.

9. C,_:

fOt

z,. 77:

Z., !.



Table IIo Co_:parison of Tensile Properties of Unchilled

Welds and Welds Chilled from the Back Side by

l+iq,aid CO 2 - 2014-T6 Plate.

Spe c ime n Test

Tensile Properties

iUnchilled Chilled I:_pr ovement
,_ ,, ......

5/16" - Bead on

._/16" - Bead off

!/2" - Bead on

Yield (psi)

Ultimate (ps[)

Elong. in 2"

Yield (psi)

Ultimate (psi)

Elong. in 2"

Yield (psi)

Ultimate (psi)

Elon_, in 2 '_
+_ ii t , _ + ,L , , ,, , +++_+ .... ,, , , _ _ ,

i/2'; - Bead off Yield _psi)

Ultimate (.psi

Elong. in 2'

27,900 30,300

_0O42_I00 45p_

5.0 7.0

26 ,606

36,706

3.0

27,50C:

45 300

r. 5

29 ,800

45,0C0

6.0

31,5CC;

47,600

6.0

8.6%

8.1%

40. O"L

12.0%

18.5%

10C ?_

14.57

_o A

9 oI°Z

26,800 3C ,606

4.3,20C 43,00(',
4.O 4.0

14.2_$

/

le.,t speei_ens could not be machined flush due to excesszve

peaking, therefore, hand grinding was used.



_able IIio Effect of _a._ck Side Chilling

on Weld Porosity.

_ . , , . ,

4

_at{:rial
. .L .,,, • . ,

5/16 '! 2219-T87 ):.ray(I)

_i x section (?)

'I_nch_lled

D#3 LC
5

I/2" 2219- T87

5/16' 2014- T6

i/2" 2014T6

X-ray (1)
2 x section (2)

D_'[ '2 IC

2
• ..... , , , , •

X-ray (1)
t,_ x section _'2)

.... , , , ,,

X.rav(I)
4

% x section (2)

c#3 sl
2

(a73 LC

I

Back S lde

Chil l_:_d

2 1/2

D#1 I.C

1

O#l Sl

1

_1 SI

1/2

(1)

(2)

(3)

N._VORD OO 7_=74 - X-ray standards for shielded arc
welds in alu-,inun.

i_ _ _E.:ti.,,.,_e_ petceut of cross sectional area of fractured

sp_c [;ne ri._.

D = dross, G = gas, S = scattered,

L = lineal, C = continuous.

I = int:er_aittent
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the su_'far.'e.s oi: the plate in the weld area instead of wire

b_.-us_i.n:g. }[owever, work on chilling from the back side has

been d_.;co._tint_ed,,-- ,- so that it _,'as not eva]uated using, the new

pre-weld cleaning procedures.
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Do CHILLING FROM tour,, FRONT SI""..... Dm OF THE !dELD_'_NT

_r;p4- f :_: V

Devices were {ai-.ricated_ ..#or i.20{,',,_em_n_._.._ ..........of liquid CO 2 on

the front side of the weld, and for protecting the arc and weld

_-.._ t sy _e:_s and shieldspuddl.e fro..',_ CO 2 l,_..ao_. A nu-;:ber of j e s

"with a vaz-i.et)- of seals _...-ereused to weld a series of p_nels

to dete.-'_._ine t:he effect of front side chilling on tensile prop-

erties and Dorositv i_;_rovements in tensile yield ,:t_-r_._-,c-th

up to 20.3_/2 %;ere obtained, and a significant reduction in tile

incidence and ._;everity of porosity was noted. Chi]ILng from

the front side decreased warpage markedly, and it is indicated

that. the concept can be apy-.Iied to reduce _Tarpage and alleviate

residual stresses in production parts•

P__{ocgp[igg. :_;q.._R.Egj [!:._._J2

Jet Systeras ar_.{_ .r.,ields

Two concepts for applying chilling to the front side were

investiL-ated. The first concept employed fixed shields to

s..con_, employedprevent CO 2 fro_ leakin o into _he arc and the _

traveling shields foz this purpo£;e. For both concepts the jet

syste:2s moved wi_h t'_e _;elding torch along the weld sear:_.

The fixed shield syste_:_ is depicted in t}_e sketch sho::_

in Figure !!o i'he alu:2inur.: foil seal u;;ed in this s),ste::, did

not provide a :_ufficient (!esree of ut:ifor-_._i':y of hea_ transfer

for adequate .qhi!ling. ,,rc disturbances resulting fTo:._ drafts

created by the "chi'.:mey effect" also presented a problem',

therefore, this co::cept _;as aha.qdoned in favor of the traveling

shield concept°

The traveling shield concept api:eared to offer proz_ise for
"c x" r .... _ ,'. :- tiee:._:.,.ci_q,-" the re(_uired chillin_ But leakago of CO into _'

- ¢'_', a serious pro[:len:. .: number of variationsarc area p_e.,(:_.ted

of the •_:,:.sic concept _ere fabricated usin ,_ several T.ean_ of

ei'fe('tipp a seal b_+ween the s_'ield str_cture and the alu_:',inum

plate, These vaTiationa are sho'..¢n in ._p:.,end[x IV, and a sketch

of _ id il _zed r ' • _.... _e u _ _or t_e °aajo_ DOr,:ion O1 the fah_ica_

of we] _{,_' te_ panels is _._-',, _n c,_ ,::re 1_ This shield was
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Stationary Shield with Metal Foil Seal



Aluminum
._ "_ tl" with 7

Shield wz_n __--_ ,
Multiple Spring _ )__._ /

Hold-down Channel _i!_)"I_"-"-' ¢ _."

/ ..... Cryogenic Liquid Manifold
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-.-Welding Torch

Pressure

.t/ Bar
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Tf,
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VIEW

Figure 12 • Jet System No. 14 for Front Side Chilling

using a Cryogenic Liquid--Traveling Shield

with Spring Loaded Metallic Wool and Wire

Brush Seal, Helium Purged with Metallic Skirt-

7 Jet Manifold
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further modii!ied by altering the liquid CO 2 manifold to increase
tlie n_1:_ber and sizes of- orifices as well as their position

relative to t_,.e torch to effect various chilling patterns. In

the jet syste_.:Is usedi"or fabrican[ng panels for mechanical test-

ing, liq,4id CO., _:as delivered to the weld area at rates vary-.

ing fro.':_I to _ 1/2 pounds per inch of "_._eld by arrange;,_ents of

12 to •].4 jet orifices of varying sizes in the manifold.

These jeL systen, s produced drastic cooling of the weldment,

and t]_,e shield was reliable enough to pernit welding of the

required panel.'_. [:o_..,'ever,combinations of severe irregularities

on the ;_eld sea::. (undercut o._:hi_crov_n) _¢ith variations in

fit-up of the sltiel.i to the plate made the s_._ield subject to

leak._. Such ].eaks caused arc disturbances and wel.d conv.amina-

tion, resulting in considerable scrap loss. Sufficient time

was not availa_.)le to rectify these shield deficiencies by re-

desi.g_lin_ .._,e shield to incorporate a special fine wire brush

to co;np].i:_.ent or replace the stainless steel wool. Such a

shield _¢ou14 not o;ily increase reliability, but could be adapted
IT. %.-o. warp'- _,-_oe control jet s)'s __e..ts.

Fabrication of ,_elded Panels

Unc'._illed and chille_! weld panels were fabricated to deter-

r::inc the ef:f.,zc_ _( ,,_,{1]_n_ on porosity and _e_isile properties

id::.,ntical pre-.weld p,'oced,jres, _ere_ ,used for prepari,; _-.c, pa::el_., to

_, ". . _ . ... ,es..s a].]. panel _o= co_p_rau D,_ring the _'irs* oart of t_ese " _" ,.

_;_-'_e c}le..'qic,7]ly...,cleaned followe..d 5':'.d_aw fi.li_.,.oof the faring

r., Of ' " " 'sur.,_ce -be butting ed_:es ano wire Lrusbtn_] the top and

borCon ,aurface_c. i:l _.(:e azea no be welded. Typical welding

para::-e _..e_,_'-¢ are s!_o;,'n ,in i'al:les 4 and _r. Wel_is made in _,_s*""

manner cont.ai-_.ed a consi_]erable an:ount of dross. Therefore,

_,'ire br,at;}:ing ,,ca..._. replaced oy scraping of the top and botc.o_:,
sur_,:.cc_ ,_=:._.,,.In order to fur_he.' ," i.usure uP, i_ ......_o,...,processing of

c,nill_d and u:_chilled wcldn_en _ both wel_ ,e,]ts were maae onL,* |

the s',_.a _ane. l; toe., the ,_irst ;i_l-_.of the panel was :,'el•dad

;-¢it_,c;;illi',,- a,_d tLe rc.:_c:inder was welded withou _ c_li]lin_.

_:_,_.rc:alc;c].a te::':peratu:e mea_u:-e._,_en_s were _.ken for a point

3/B-in. f_.o:., t._:e ,.;eld cc.n_e:-li,-:e for all _mld:nent:_. In sor.Le

.......... _ for addi'-lonalca._c:s te-:.perat_]re :n,-2as,a. _-..,,er, ts ;,;'ere: ,,.._,.._.
l. oca, C i o,_.
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...................... __

__- s_o:, t',.:ereduction _[i t'-,e .__en,. of theFiou,_..._ 7.3 and 24 ..... .. e--, _-

hee.,.--a_tec:ed* ._ore.,,• of aead oil plare-_ welds chill_.d, f_or _, _.-_e front

..._-;dc._,- .'_"_-vo:_.._ o +_._De.. earlier Iraveli'.Ig shield jet s_-_te_;.s..

• , . _ --$_Fkgu,"es ,:5 t. :_ ou._,, 32 _' ",_qo_ co:::pariaons of r:,.ac_o;_ections of

unc'.-,ill__L welds a:'a:Jwelds in each: _r.aterial and thickness chil

led f*o-_ ":,e fro,qt side bv various jet o _._ _._ . . %.; . •_y .... e._s

In ::',o,,_tca,<:es nhe r_.ac_.'osect[ons show that chilling reduces

[-l:e extent of ::Le hea':-affecte4 zone, and reduces the grain

size of _!_c; cas_ s_r-_mture. The :nacroseetlor_a!so show

that ..... de_ _.............--._' or _",-,[llin L ef!,'ct is differe:_t for each jet

s>"s_:e,-.,, ;'[7.-,, . ..:-_t... S,.ste:_... ,',,To. 23 9rovi_q ,,,,... o the greatest a:._.o,','_.t
of e':'t11[:-_ ':': >.o:',.t cases.
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Liquid CO2 Chilled Weld - Jet Arrangement No. 8

,,t .... •.........

Unchilled Weld

13029

Figure 23 o

Macrosections Showing the Effects of Li_.uid CO_ Chilling ffonl Front Side of Bead
on Plate Welds in 5/16-inch 2014-T6 Alumin6m t),ade with Constant Heat Input
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Tensile }_rop_r tie s

Specimens were selected, from chilled and unchilled weld

panels of each alloy and each thickness, for room temperature

tensile tests. The selection was made on the basis of x-rays

hich indicated less than I percent porosity. The porosity
ontent was verified by examination of fractures of specimens

broken by bending. All specimens were cut to 3/4-in. wide

stralght-sided bars with the weld transverse and weld bead

intact. One group of specimens from each panel was artifi-

cially aged to the -T6 condition after welding. All tests

were performed at room temperature.

Table VI shows a summary o5 average tensile values

obtained for artificially aged specimens, and Table VII shows

such values for naturally aged specimens. Test results from

which these tables are compiled are contained in Appendix V.

As indicated in Tables VIII and IX, yield strengths are

substantially increased by chilling from the front side. The

greatest increase in average values was 17.8% for artificially

aged welds in i/2-in. 2014-T6 plate. Individual maximum test

values show increases as high as 20.3% for these welds. The

greatest increase in average yield strength for _elds in

22!9-T87 plate was 8.8_ (for welds in 5/16-in. artificially

aged specimens) with increases in individual maximum test

values as high as 16.6%.

Efforts _ere made to correlate strength with effective

heat input by calculating a theoretical effective heat input

value for the chilled welds using a formula based on a ratio

of the cooling rates affected for each weldment. While a

relationship between heat input and tensile strength appeared

to follow a somewhat consistent pattern for unchilled welds,

no such correlation could be obtained for chilled welds.

Results of calculations are shown in Appendix Vl. Undoubtedly

some pattern exists, but sufficient testing has not been accom-

plished in this project to determine the relationship.
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Table iX° Opt[,num Jet Syste,,,s

Tensile Strength-

Chilling.

for i'nproving

Front Side

Wel dT:)en t

Ma terl a I

Y;/16' 2014-T6

1/2" 2014-T6

Post .-weld

A_ i ng

._rtificial

Nn_,,,-al

Artif [c Lal

Natural

5/16 '! 2219-T87 Artl ficial

_<atural

Artificial

Natural

Chill

Sy _ _--_

#18

#19

#19

#23

Iri_rease,_ in

ave. yield

streTt_th

17. _i:,

15.5?

._- - _...

1/2 '_ 2219-T87 #19

#18

Increase in

ave. ult|:nate

0 o 67_

o_4 ¢7'3 _

ic o77_

4.3_

2 o 7_
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Comparison of X-rays of the initial series of w,:;].d_:chilled

fro:_',t,_,,efront side CSe_ note t4) ._b].e X'J v,'it,h un ...._lled welds

ind_ca-_e_ a .'aaTke 4 decrease in porosity for the chilled .+_elL_,_:,

ua.,,mer of L_nc_illed welds containe(! extensive areas of gross

poro<.;i_y, wI_ile uot.,e o r the ch[lle,_ welds contained more than

small a_:_ou_t:s of scattered por0<._ity ", and in most cases,

porosi._- 7" in4ications were entirely absent. These results were

reasons:;,., y cou; is tent for wel,:i Danel,<_: in both plate ma_e_ s

in each L_.-_ickness <2014-T6 and 2'219-T87 in 5/16 a_.d I/T-inch

no:ni_,:al_. Z-p!.roximately 6C percent of the unch[l.led weld

saz._D!er: comtained poro_:ity ranging fro:ri 1/2 to 20 r.ercent of

the cro--'s_ sectional area, while no_+e than 90 l:ercent of the

chilled welds were free of porosiLy.

Porosity in the unchil.led welds in 2014-T6 ;_a.:;essentially

spher__cal, ",'_ile.... porosity, in the unchilled_ %-e!ds in 2219-T87

.... qows photo-_;a,, in t_.-<eforni o_ agglouera_d oxide. -._.gure 33 _'

grap_.'._._ prints of oortions of typical X-ra);s. of unc'::.[ll<-.4_._.___-;

chi].le._ welt_l,: in i/" inch '>014-'f6 p!<_.te. _".... _- _ _..-rays of welds i:i

5/15-_:ic,--,."' _._.ick pla___ and in boL,_.'_thicknesses of 2219-T87

pla_:e were similar.

In subsequent series of experiments, sa_:ples for deter-

m[natiocl of porosity h)" X-ray ',.:eretaken [ro_-_ weld panels vhich

hac] br_en ;;el,Jed so the t half of the welt] !enz_th was chilled by

_r, he half was _._eided tw'i_.,;iuuc, chill i_l['_ui<: '_2 and t etcher .... _.

Sp.-:c:i_-'en[:frou each hal£ were ¢ract_:red bj" bending, 7he frac-

tur,2, s of " ,_nsil.e speci:nc:.s were exami:ie_ fez" porosi,t 7.

]{esults in_licace that the i..._.ci_ence of porosity is re.r]uced

by draw fi].!n_ ;+nd ly chi]lin D ('Bee 7aE:le X ). Chilli,.Yg also

ap_.eD.r.<_'to reduce po=osity si;:c,. In some cases CO 2 ]eahec] into

t<_;e arc vhi].e t;he chilled po=tion of the p,?<-.uelwas bein?_ _elded,

' ' ,_'i.-'-t _- _ount for the _ <'-' _" in _ose welds Cau e%';_:iCr_ .... _,. ).C_. . . S' . p_ _ 0.. _ t_- -.
,_.:e other x.:elds have no_ Deerl de ....rmlnedfor porosity in _: ' ,'--_ , .

Alt_._oujh [:ze resul%-s on this series of wel_ents are not

entirely definitive, the indications co,:_Lined with results on

pre\'iou._: series would apl, ear to ws.rrant t_e conclusion t _'-_



Table "' Eff.._.to--o_._-Front Side Chi]lin:. 3

on _deld Porosltv,

Weld_.ent Pre-Weld

Hat,-r ial Prep-_rat ton

' 2014-T!_" Wire !]r u,._Lin::.,

Draw Fili :q.;

Draw Fili.11g

!/2" 2014-T6 Wire Brushing (4)

Draw Filing

Dra:¢ Fil. ing

• (a)
_/i(," °°19 .I"87 Wire Brush_.ng

D_:aw Filing

;.fire E.rushing

g(4)!/2': _.219-T87 Wire 3rushin,:

Draw Filing

W Ire l:.'rushirl,S

Avera,-, _ Porosity

........................... -(-i7 ........ o C 2 )
X-ray ,,_ f'r ac tt.,!-e

IJnc_il!ec! CP,.i l led -;J,_c-b,[-l-ie(--]"Cb.i l'led

-, 3; ,) rC.',' J S

None

C _': I.-_1 S

C$-3 i,C

G#I Sl

G#1 SI

D#3 LC
_._3 LC
_,:_ i.C

a-_'2 ].C

D_,I1 S !

None

c41 sl
None

g _,'3. Si

None

C#1 Sl

_A-_I S_

},'one

,_,:e3 LC

D#I i.C

None

}gone

2

0

C

i

0

0

0

5

2

0

I

1/2

0

0

1/2

0

C

1/2
C
r_

L.

:/2
O

¢

{1.)

(2)

_,_)

(4)

NAVCRD GO 7574 - X-ray staqdards for shiel.ded arc welds in

_.L&kt tl gll%.;.d =

Estimated percent of cross sectional area of fractured
/

sP ec i''c_ns • /

D = dross, C._= _ras, q..= .-_cattered, I = intermittent,

L = lineal, C = continuous.

_- are no + Ided on the same panelChilled and unchllled sa.pl_:..,., _ we
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chil I i,:,:_apFrecia _•-o _ly re¢_,Jces the _,_'__1.'':.jen_e_and sever[_; of

poro::i',"_;. F,.:rther -_,_.cp_ri"._cntalework i:_ nee ....d to ._.a__,_tical!y

...._',_-_tantiate the,,e'-"co.:-zclu,,_ions on a q_antitative ba_;is.

Several panels faLricated by chilling fro":_.the front side

re_:_ained e._.se:-,._i,.ql!yflat after welding, exhiLiting al:_ost no

longitudinal bo'_z ot peahin_. Unc1_illed weld panels have con-

tained a lor_gi'ct_dina! bow up to i 1/2 inches rand peaking to I0

_-',e.. uDon the a_,ouz:t of heat i:_.pUto igure 34

sho',;.'_a cor:_parison of warpage in chilled and unchilled panels.

While no atte_.pt has been _,_,ade to develop optiuu:_ para-

meters for %¢arpafje control, the panels _;el,'!ed to date i:ldicate

clearly Chat the concept of chilling %,i_h cryogenic liquids

during _,:elding is an:enable to elimination or reducr, ion of

warpage. It should also folio_¢ that if warpage problems can

be alleviated by application of this concept, it mlobt al:,_o

be a solution to residual stress p_obler_s in welded structures.
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V. D!_'_"_'ciON.')_.o;:_._OF. RESUITS

Ci_.i.ll_,"_ of: _ald:nents by .:_eans of crvo,-.enic liquids of_e._s

_,ou }-e apTarent from a cu'r_ory cofapari:_onadwmt.ages which may "" _

of resul_s_ of thi-., progra_ with wcld.'_ _:_ade on other prot_ra_ns_, at
t -I.

different heat input level.':_o _._It,_ou_;:_it "_Ig?_t be possible to

' _->- u._;ed " rreduce _._eld::;at lo',¢er levels of heat Input _an was zo_

--the welds in t.hi_ prod.tram and _, ....,, .. _ .... so-cure co:nparable strength

i_proveinents over high heat inpt;t we]..'Is, such low heat input

welds can lead to sue}: defects as int_.r._:_ittent lack of pene-

tration or lack of fur, ion. In order to <e(p heat inp*_t Io_,:,

such welds will have to be made by multiple passes and _¢iIi

require precise co__trol which _zill increase the cost.

Chilled_ . we!d_',, may _-:e....made at a much hi_,ker,_..,heat input,

alleviating these problem';, while achievip.3 equal or bette'r

r_.._u..t.,.

While chilling did non el.iv,.inate porosity, there was a

strong zndication that ,_h,e exte;:t of t__ porosity was eona.id-

erably reduced. In many cases _,,__._-":ha z...d_mtion_= , .might mean the

difference between acceptance of the weldnent and .'.:crapFi.ng an

expend:ire part.

>lore nearly unidirectional solidification is proctored by
,_o, the back side a;_,i is _• _ t,,e. afore ,.-.:orechill_ng the _.;e!d c_-

eorlduc ire to _'_e_. l'_''_ _ per os,i_' an,:] Or,,,,_",_.__ing a be _:tar °uetal-

lurgical struct,,re. !lob<ever, as experi?.onts on chiiiiu 5 fro:.-,

• . _,,-_,_.A on t"_e basis of he[..=the back Sl?.__. _:ere d_sco .... .,_.,...: _', diffic:_it

to aplly to the :_ajori[y of welded st l-ucture, the full poten-

rio!r; were not Investi3_ted.

Chll!iri; fro..-.,,the front side ap[arentl7 also reduces

po::o_ity and dean not adversely affect z_etallurgical structure.

It is bel[eve_ r_hnt the fast cooling raters are responsible

for inhibiting nucleation and 5_o._h of porosity, as well as

for reducing orai-_ size so that adverse -_etallurgical structure

is not produced.
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... . t:.,. ....... nd Do_o_.i.y can beTensi]o prone:'ties can be ,.n_n,,_d a . _"

-" . co.,_._olling tino-t_...,,e,'a uve r(,latlonshiDsreduced by prope,!v r -_ " _, ._ -_"._ . t .

during the welding pro,zess.

Use of cryogenic liq_,.id jets as a -_eans of acco':_pll>_:_.ing

the required control is feasible° i.i_z:.ited expa, rlnental ::!o.v-

elop__ent pe.rfor;_ed in t__iIs progra-a re,_ulned in i-:_pro,/enents
O/% _

in yield strength up to :._'o for velds chilled by liq,.;id carbon

dioxide, vit;h red,:ctLons In porosity ovor If.(3; and drasr, i_.:slly

redu_.ed v_a'rpage. Furt_,_er work is _'a,:ran:ed to o1:tain statl..stl-

cal data and to refine the concept prepnrator-y to its aFplica-

tion to production wel..ding.
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VII.

It is recom,-:_ended that further experi.:::ental work be per-

forl,_ed to estah.l[s},+ the limits of the concepts for i-aprovement

in properties of welds on a statisticnl basis and to provide

sufficient infor.:,_tation for develop_::ent of criteria for equip-

ment+ ins_ru_entation, and procedures ko be u,,_ed in application

of the concept of welding of production parts.
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APPENDIX I

CALCULATION OF TARGET "-"Th_RMAL PATTER_S
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Preli.,_ ,_ -. ,-,,.,._..,,.,..y work cor._o,acted by ,h"._SA, _,untsvt.1].e (1) on

ti;_,.e-ter,:perature controls for welding 2219 alu:r;inu:a indicated

that it is desira.b].e to ac_.ieve a peak t:emperar.ure of ].bC0°F

in the :¢eld, and to !ir_.it the ti:re at which t),e _-,:eld is above

4._,_:('°'_;to a nmxi'_,u_ of 16 seconds. These c_.iteria are undoubt

edly closely related to value:; ,,_hic1,.will pro;._ote partial

solu_io:°,: trea. t-aent: and prevent gro_s oreraging in critical

po!-tions of the ;<e].d.:te_t. For proper sol,:tion treatn:ent-, end

aging resnor_...,,,e.,the q,_e-'_,.n.... rate from ICfC,°F sho,,Id_ be on the

order of l(E°F/sec. At: temperatures above 450°F, overag[ng

beco:ae._7 increasii_zly rapid as the a-]:_,e,:_.]i.'.;&tet::p_'r.-,.tt]_-'e

, :u .,_ is c.pproached,

The .first step in this _.D,_ov_raT:_was to deter:nine whetn.r

tl'....:.,_cri__--_s.__ are ",¢tthin ].i_lts which can be practically

_(.co.,,p: is;_.ec, using special me_ods of heac extraction

A considerable amounT, of work has bee:n, performed l-y various

researchers to develop ;recise for_aulae to ca].culate heat

flow and _,e,- .... _ +o- b) " '' _........ _,_ pa-. _....ns produced , zu,:ion..... weldio-o. D.]...

to t_,_.._nu'nber of _n.t_.._-'-dependent variables,, it has beco_:e

expet i:nenta123.".

In tl:e following paragraphs, these for:._ulae have been

utilized to calculate approxi:_ate peak temperatures ang

...... _,.e_ns for the experimental po:_.tiontentative tarbet _-,er:;ml pa _ -

of this progl*a',_,.

1 4.13 PCYt 1

Tp-To = <q/=V)-- + Tin-To (1) Ref. 2

.V t, T I. _ 3 o
o 2 ( .o) (2)

(1) ".malysis of Ti_.,e _ -_ ..- ' ....-_ ..... p._rature V_feccs i_', z-l_ ,':l_-_inu:.--.,

'_,_ul_'ln_," F. J. -__t-_....oon,, Ueldin:,,, Journal, &:ril, 196f:, page. ..o

18Sg-19,<
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R =:,eoolin_j rate on the welded eenterline (and immediate

heat-a=f, eted zones at t_mperature T I) in °F/see.

K = thermal conductivity in Btu/in.sec °F.

3
P _ density tn IL./in

C = specific _,_eat in _tu/Ib°F

V = arc travel speed in inches/see.

t = ple_te thickness in inches

q = stre_,th._ of heat sou::ce ir_ 3tu/sec. (anps x volts

x 3.413 x efficiency/360C)o

T I= _emperature at which the cooling rate is to be deter-

mined in °F.

T_o= the initial te_noerature of the plate in O_o

T = peak temperature at a distance Y from the fusion

P weld boundary in OF.

T_= melting.: point of the metal in OF.

Y = the distance zro:. the weld fusion boundary in Inches.

The follm_'ing assunptions are i'ncluded in the derivation

of equations (I) and (2):

(a) the heat flow is tvo di_en._:ional,

(b) ' "- -" te r rc-nhe heat losses tn.ousn the pla surfaces a

neglec_:ed,

(c) the heat source is a point,

_d) the temperature at a great distance fron the point is

unc!_ank;ed, and

(e) the p_-ysical prooern_ _" of tho ial are •. . ..e ..... 'hater court,rant
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Using equation (2) and assuming that the optimum parameters

for welding 0.50 inch thick plate are 400 amps, 12.5 volts and

arc travel speed of i0 inches per minute, the approximate time

for cooling through a 500 degree temperature range is calcula-
ted as follows:

K- i00 Bin/ft. hr.°F = 150/12x60x60 OF = 2.3 x I0 "3

In. sec. °Fo

. - 3P _ 0.090 ib/in. 3 9.0 x i0 2 ib/in.

C- 0.25 Btu/ib.°F - 2.5 x i0 "I Btu/ib.°F

2 KPC ,- 2 x 3.1416 x 2.3 x 15 "3 x 90 x i0 -2 x 2.5 x 16 "I

Btu 2 ib

" 3.25 x 10 -4 (in. 4 sec[OF )

Btu/

q - 400 x 12.5 x 3.413 x .75/3606 - 3.55 Btu/sec.

-I
v - i0 in./min. - 1.65 x I0 in/sec.

t- 0o50 in. = 5 x i0 "I in.

Vt) 1 65 x i0 -i x 5 x i0 "i
2 ,. (-" 3.55 ) 2 - 10.75 x lO'4(in4/Btu 2)

-To)3- (1500-550) 3 - 0.125 x 109 (°F3)

R = 2 KPC (V--!)2(TI-To)3 = 3.25 x I0

q

1090.125 x -43.7 °F/sec.

-4 -4
x 15.75 x 15 x

Since this cooling rate Js less than one-half of the optimum

rate, the additional heat extraction accomplished by the

liquid cryogenic material must approximately equal the heat

extraction provided by the plate itself, which in turn is

equal to the net heat input from the welding torch.

60 E z
q _ vt i0 x .50 60,000 3oules/in./ino
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The.latent '"(,._t of l[qu.{<._.CO_, pl ,,`-_.,the sensih!e heat to

' ' , 1L" _00 joules/ I:;70°F is approxi:::at:ely 1"_9.1 :_tuTlb or 7_.

_'_' _'¢: ..n,j, __e a.-_o_nt of liquid CO 2 rer_,:tred to,,t. z.._: ..... I.eJ.<,--.,, t-_- _

acco:m]i:-:!_,. the "re,_:_].red chilli;_ _'a, 'ld be"

" ( (c
3._ 7 I , , ,

or .76 lb./';n, for !/2" mat:e:-ial

At welding speeds of 1.[. inc ''_'_,,;sDe.r minut:e, t],i=.,, delivery of

liquid CO 2 can easily be acco:_pl'_...:-'n_.;-'d.

On th_ } basis of these equatio .....,. ,_" calculations were m,ade

'_-- tic ......for peak tempeTatures and se__.__,,_a tbermai patterns wore

The e<,uation Cot peak -: _.,-._- T.. ce.._p ..... u.e (equa ion (1)) has be,an
ver[f_ ' ' ¢_.... ,-" "_ _,_._:_o by _.,.pt., :'- ,'.tal vo'.-k _:,e c,.,,.e.. 3) and rcstacec for welds

in I/2' _hic?,- aiu::_.inu:_ plate as foilo_,'s-

ILC:G 100£. try

Tp-1o = 1.68 ( E I ) + 0.82

c _-- pla:e thickne_:s in inches

_a..ce ;, _._ _'"."_ev;e]_d ce:_terl_ne _n inches

v = arc _c.-:'avelspeed i:: il,.ches per ,minute

I = arc currer:t ill aT0._e[-e_;

_J = alC VOI*" _"_•_atoe

Substittt[n,, _o:-:e select_,d vale, as for ,,,eldJn_: para:._eters

Figure3f was dt-awr,, _o indicate pe;-'_k .:e:,_perat.u_,es which n_iGt, t
be expected in the w,:-ld:_en,< i:} 3./;:' thick alu:::inu-._ plate;

scher,.a[ic targe_ t_'_er::_.alpat,:e-,n sketcl-,es are sho_,.-n in

Figures 3 and -_7
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Ref.(%) C M.A(!ams,Jr., MIT,(Weld Journal,
z",ay ]z)5_, ) .....

._lO0__O0 ,,, 1.68 (_) + 0.82
Tp -To

Tp- Peak temperature of plate

To- Initial temp of plate (-200 to 600F)

t = Plate thickness (I/2 in.)

r = Distance from weld centerline (0-6_

v = Welding speed (20 ipm)

E = Welding amperage (400 amp)

I = Welding current (125 volt)

For values indicated_n p_rent_

1 1

r - distance from weld centerllne (in.)

FIGURE 35 CALCULATED PEAK TEMPERATURES
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SC}{F__iATIC FOR TARGET THERMAL PATTERNS DURING WELDING

I/2" THICK ALUMINUM PLATE (TRANSVERSE SECTION VIEWS)

Temperature Distribution at'Various Time Intervals

After-Start of Welding

.... /K x
/

I/2" ahead of arc - start

\ "" ",<, ,'_'//'_,_//>iYl//_,_i;".?"i l ''cs
4t__ _i, ".Vii

at center of arc - I see.

2" behind arc - 6 sec.

-_._._._ \ ,.,,/ f .-_,_x.× ,<\ . ",,.''<" ,_><,><"_,5 7<

"_ x"k_-x _ . _ x _ _
_ x, X" X<× x ;,,'x',,,..,,'_,,C,x.Xx'X×_

4" behind arc

!
/

/
- 12 sec.

6" behind arc- 18 sec.

FIGURE 37 - SCHEMATIC FOR TARGET THERMAL PATTERNS (2)



| Ii_ _++_-_F_+_:_+,_ HA NO PAGFZ ....+,., _ ! .......

_Pi _N DIX II

EX_MPLES OF

EXPERI_N!'AL THER_.AL PATTERNS
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Figure 4 3 Thermal Pattern for Weld Panel 2

CO,_ Chilled,.½ Inch 2219-T87
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Figure 44. Thermal Pattern for Weld Panel 2

No Chilling, ._ Inch, 2219-T87
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Figure 45. Thermal Pattern for Weld Panel 2AC

COz Chilled, _ inch 2219 -T87
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CALCULATION OF T}IERt'hkl. BALANCE
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CALCULATION OF THERI_L BALANCE

I

]

]

1

]

Table XI shows a calculated estimate of cooling avail-

able for altering the thermal pattern of x_elds chilled by

liquid C02, using the heat inputs sho_m in Table XII and

the first jet arrangement investigated with a double layer of

glass tape on the back side of the welds (Table XIII).

From these figures, it appears that a substantial amount of

cooling is available for quenching. For the 5/16" plate,

5.6 Btu/in. is available. This _ould be sufficient to

reduce the temperature of a one-inch square portion of the

plate a_proximately 800°F (using a specific heat of 0.25

Btu/Ib/UF and neglecting all other heat transfer); for the

i/2-inch plate the available cooling (9.0 Btu/in.) could reduce

the temperature 825°F.
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Pattern of Wold l'anels Chilled by Liquid CO 2

Weld

_n _ i

IAI

1ECI

IF2

IDC3

• , L

Thickness

(inches)

5116

5116

I/2

I/2

ileat Coolin_ Provlded by Liquid C02(BTU/in) (0

Input(1) q_6tal _Srov1_iAbsorbed in Available(.
(BTU/in.) (5QZ effic.).t__) Formin_ Beaded,)! for..Qu_r_hinR"

22.2

31.1

36.4

44.1

none

14.5

none

16.7

8.9

7.7

5.6

(I) lIeat input - 60 x E X I x 9.48 x I0 -4 (See Table 12)
V

(2) Calculated from vendors data (See Table 13)

(3) Estimated from temperature measurements through backing

tape.

(4) Calculated by subtracting the heat inpu_ required to effect

penetration in an unchilled weld panel from that required

to penetrate a chilled panel•

(5) Calculated by subtracting the cooling absorbed in forming

the weld bead from the total cooling provided.

f
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"rABI.},; XII

I{._DaJj. Dg!_.t __[p__-_: j %0_J '_ n OJL__nJj o n___P--n_#

Unchillod nn(t l,i_ui(l C(_2 Ch_llod Wold Panels;

Weld Panel

IA.I

1 ECI

1F2

1DC3

(I) Heat

Thickness

(_!_nche SL.

5/16

•Chilled

' Pa

5/16

1/2

1/2

no

yes

no

yes

Weld

romotors

250 amps

14 volts

9.0 ipm

235 amps

16 volts

6.9 ipm

300 amps

16 volts

7.5 ipm

Heat Input (D

(BTU/In)_

22.2

31.1

36.4

input
60x Ex

V

310 amps

!5 volts

6.0 ipm

BTU/In.I x 9.48 x 10 -4

44.1

/

/

[

l

I



HA NO 2283 PAGE _A. III .0_4_-

TABLE Xlll

Heat Extraction Exprctrd by Liquid C02 Chlllln_

DurtnR Penetration Pass of Weld Panels in

In 5/16" and I/2" 2014-T6 Plate

_19.2g_hr_.2_3gement No. 1 :

.<_7_I------_ Weld Torch

__-_- Backing Material

_v-|,?l_'%i _z_ _ -_-- Jet (.024" orifice)

Jet (.014" orlflce) "_--"..... Liquid CO2 Source

Backing Material No. I: Adhesive glass tape over

non-adheslve glass tape.

Liquid CO 2 at 300 psig:

Latent heat of vaporization plus sensible heat at 70°F.. -

I_C BTU/lb. (Approx.)

.__, ...... _^.^. nl/,,, ^_o_ . 99 #/hr. - .O061#/se_ -

.918 BTU/sec.

.024" orifice = 58 #/hr. - .Ol61#/sec. _

2.425 BTU/sec.

Total _ 80 #/hr. - .0222#/sec. - -.

3.343 BTU/sec.

Total (at estimated 50% effic.) - 1.674 BTU/sec.

Weld Panel Travel

IECI 6.9 8.7

1DC3 6.0 10

Chilling Available

at 507° effic. (BTU/In_

14.5

16.7



_" • !.'i ' "'_ • _" r _ . _ _ _'_

to,.

_3H A NO "--" PAGE ..._\- _:_!.]_.,._ ....

_)_;VFLC,:'"_'_'_,:,k.,,,01,' CO 2 S[{IE],,)3 i'()f{

F_r,_-T SI .)E C!!ILL! b_G

i
f



J

H A NO..'22 __L_ PAGE .:--!TZ. • (L..I. ....

l'),_,v_.,] C,_;.i_,''n O::" r, c, ........

FJ:.'.O?_T ST _ Cvl ,_i T ?.:G

""'_nefirs r..concept tried for ap_",-i:-,,gJ._,l_(u:[d.. C09 chi].l[ng

to ;,', front ,i.de of _he _.:eld:aent, consi.'_ted of two alu_;inu,m.

.... _,._. weldingdivide: _trtp_ _-ixed it,.place on eac',_ side of _;_"

to_rch .... _l.lr-]. :r_ the vel.] sea'_ as sh::,wn in Figure 46 .%

_...eta]!Jc foil, fastened _o the dividers, was used as a se_1

'- . .. _, _(._, ""he liquidto preven_ CO 2 frnu_ ie_.!<i_:, into the arc a _,^. _

CO,) jets were posit[o::ed on t_.:e outer _:i,]e of e_:ch divider,

and.I_.,travelled "":,.,-_u:"_ t,_e' _e.ldi>.g torch, l'his concept proved

effective for prevenL. Lng interference with the welding, arc,

:_u_,-did _'._"_.._......re.._t,"'_'-J', &deouaee. cl_ill'l.ng of the weld.

?_-avelin< i;:,.ic,ld wiLi: Foil ._hoe

In o_-der _o permit positioning of liquid CO O jets on or

nea_- the weld bead i:'_,:_ediat_.ly after velding, a_shiel.ding

" _ • in Fioure 47 was i:ahrica_.er_ The alu:::-device aucn as ...._o_I. -,

inu_ foil =,...ai _o " ' 7. Z .-._,o: U_6.Ve[[" the f_O 0 fror_ ezlte_-i.qi$ ,'.:he arc a__-ea

9;a..-.fastened to the alumi.-,v_u,.,,_,_,_eld wi _k..,_dh._-;v_,._....... tape to [orm

" s.._le].d an<_ into W_lc._a "s'_oe '' whic:_ was dragged be_:i_.',d[he '-'" ' ' "

tl_e _" " _ ...._ " ,r_ d_rec_ec_. ,_l,_ho._o,._ xncreasec: chill-._qu_(] _,.2 3( ...._ were ' .....
, '_ "_ ...... ¢ ,, his concept, i _ was still extremelyin,T; ,_,as oo,..a_.,,_.J ...... n o t - _,

inefiicie:,._ due to insulation produced by _he foil _ind air

-' --, " "-'" _he ,,tl_.a,,en... _layer t,e_vec:'_ c_. CO 2- 2e_:3 _-_,:

disadvantage was cha'/ alumi:m_: foil was no_ sufficiently

stzong, and tears ,leveloped x.:.hel_travelin_ over rougl_ portions

of the weld bead, causing leaking of CO 2 into the welding

_Irc.

"ft.ave! L::-,: S!:icld ",;i_.h Sk,.'rr

Best heat transfer is obtained, of course, _,;1_en the

liquid COo. _ets imuLn.ge d[rc,.ct!y on the weldneat sur_:ace_ .

In order _o acconplish direct inptnge.ment, t}-.e shielding

device sho.,_:: in Figure 4 '0, "aas fabricated. This systeT_ con-

sis,J_; of an a!u:_inu::- shield with a liquid CO 2 jet _anifold

on the side ¢_[_osite the ":,r,"',,__._,..In order to prevenZ COo
Z.
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" >_e thefrom leaking i._.to t.'._earc area, a skirt which d_a_o.d on
surface of the _eld:;ent :._as a ttac'.'_ed to the alu_inu.-.n shiel4,

Several _aterials _;ere tried for the skirt, incl,.:ding glass

tape, mylar strip, thin steel strip a'..ldtibia copper strip°

GI_ss tape and mylar strip did not. successfvlly winhstand

service co_-_diti.o:,._sof ex:.re..,e h_a_- an(,' cold alo:_._ wi._h

• . ..... su_: _c_e_ ._ai:.ra_=,.or_ "[be _'_,tal strips possessed " .... t proper,-ies

+" _ )-+ btlt wer'e not sufftcicrtly _lex-to _;ithst:a_",.d the earl. on:_,e.z_,
ible to confor:n to snail irre,,ularinies in the su_.'face of the

weldment, perm.itting CO 2 to lea!.-,into m_-e arc.

Trav?l_jt'_g_Shleld with Skirt and ileliu_ );:p._r.g-e

Syste,..:,s for purging CC,,.>fro.-:,the arc area were devised,
• rO _ ,as shown _n Figures 49, , ann 51, The first: concept (sho_-:n

in Fi.._ure 4 _) l:.U3"ged only the hack end of the ,_;hiel4 It: wasC; _ " ¢

- C.'-;noted that a drafv was created in thrs sys_ -_a) _¢hi caused

air to be drawn into the arc. A ring-lype ":eliu_ purge _nani-

fold (sho:4n in Figure 50) was then fabricated to prevent

introduct_.on of air, but also resulted in arc disturbances.

It was t::ought that the individual purge jets caused eddy

currents and turbulence, and the bell-type purge (shown in

Figure __'i) was used. While this sy:_ "_-_,_,..,..appeared to purge

the CO 2 fro.7 the weld area, extreme arc instability occ.urred.
The reason.'-: for this inscaLility _ere not determined, and

rather ,-_,-,_ ' - * " ' _ -'.- pe_-_n4 to deve!o9 a

detailed analysis of gas flow, the helium-purina technique

has been sat c_side in favor of developing, a _netallic vool

seal.

Traveliq.fl Shield wit::.: X."etal!ic _,j/ool=qe.:_-_l

1'he shiel'J u._ed for heliu7 purse technique was :_odified

by rerr_ovi.n G the helid:" nanlfold and adding a flange '(hal.f

tube.') aro;md the lower edge of the shield to contain a roll

of ::_etallic _-ooI as sho_.'n in Fig, ure 52. Steel wool perfo_--_.ed

quite well b,_t _ _ _ " _,d " .... ':.a.., a tende._.v '-o Lurn '_ a,.. _,a_.do_.:n" behind

the arc. Fine _.•;FO[7.::e"_;'0oI ind'.cared better resistance to this

t(,_dcnc,." Sa_i_#ac_or'.z _cad oq plate ,¢el.'s ",ze_e made _i*;'
' • ,- , ,_. " --- hdicaradtnl.s _=,ster;, 5ut t.zc. ne /or i-',c_ea('e_ c'Til!i.,,5 :,ra_

by _}_.e t:'aet.._l cyc:-!.e ::u-v,'_s , ..... .'7.,.acro c':tor.s _..ead on pla-_e
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welds. In an attenpt to obtain a higher or,:_.e_ of chilling,

the ].i.qt_i_;CG 2 ._;_aniiold was then r_odi,fied by adding two _dd-
=3itioual orifice:" (.3et System _$o. 8) as shown in Fi_,_ure _

Co_::parisov_ of typical coo!lug curves and _acro.,.,;ection:; shows

that :.qodi_'_ication_ of Je'-,.Sys/em Vo. 7 by ad,Ji_.._ two ,_.ore jet

i_ices d __c, r:ot apl,reciably affect the chilling. It was

ter_.Ine_ _'"" ' " .... -_._,_,'t_. ad<._i_ion of _; .... sul_ d in a pres• t,.e.,e orifices re c

su:re c_rop in the liquid CO line below the. inlet solenc)id

_<hich, in co_binatioz_ withPthe pressure dz-op between the tank

outlet and the manifold solenoid, effectively delivered appro×-

i*:_o,tely the sa;_e mnount of liquid COp to the weld are-_ as Jet
>* .. " _ t_.,? _ .,._= solenoidSystem ,,o. _. Tt was zounc, ' t by y-pa_sing t_'_

.... _e chilling jets. Thistoo n_uc.h pres,:ure ;_aa deiivered to _

pressure was reduc_ by _:ang" o_.. • _n o the outlet orz_[ue of the

liquid CO 2 tank froth. 5/8" to 3/64 '_. At the same ti'ne, t_¢o

additional orifices %)ere added to the jet manifold in a posi-

tion slightly ahead of the arc in an effort to increase the

weld cooling gradient. 2hese modifications resulted in Jet

$ysteun Yo. 9 which is shown in Figure 54. This syste:n prod-

uced zreat!y increased, chilling as sho_n by typical ther_al

cycle curves. Mmcrosections of bead on plate welds in 1/2 '_

plate verified the increased cooling.

•":l_.hough Jet Systez_ No. 9 was capable of producing accept-

able ;._elds with a h ;_oh degree of chilling, it was quite sensi-
- _-_._ _ _ +_ o -_ _.,,:__ h_a_tire to shard surZace irregulazitle_-: on ,_.._ v .............

In order to provide a seal _hich would conforn_ to such

_irrcg,a]atit[es, n'_e concept of a fine wire brush to back up

the _',.e:_a]lic wool over the weld seam area was developed°

Organic hri:_t]es would not withstand the heat fron the weld

bead, and _u'itak!e. ,._:etal !,_istle._ brushes were no_ avail,.._]e,',_ •

h fo_'e,It was) t_.ere necessary to fabricate a semi-circular ,hera!

backed brush ap_roxi .......el., 1 1/'2 incn.es long and containin_j

.00_.-inch stainless steel bristles ap_roxi:_ately one inch

long. Yhis b_ush, v.hen Inserted in the back end of the trail-

ing shield as shown in Fi<ure_ _=_., was flexiLle enoug}z and

sufflcier:tly dense to conform to irregular weld bead contours

and prevent o-:'_oss leakage of CO 2 into the arc area. _her.

waa so_e evidence, hoverer, of minor leaks, and t._:ese ,,:ere
.._ _ " ," -" of the _.teel woolthought _.o be due to non-unifor:_ pre.,s.,r_-

seal a._-.inst the weld::e :_ surfac'e r_-sultin;3 frown local varia-

' ,, ,_.::e s_eel wool "roll".tion in t.:e densit_ of _"
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To overcome the variations in density of the hand-rolled

steel w_ol seal, a concept for spring founding the seal at

intervals of I/2_inch was devised. The half t:abe holder was

reT:_ovod fro_ Jet System No. i0 and replaced with a one-inch

deep channel into which 1/2" and 5/8 '_ No. 4 springs were fast-

ened as shown in Fig_re 56.

While spring loading of the steel wool appeared to provide

a seal of more uniform density, it did not have the required

flexibility to fil]. in depressions and sharp @iscontinuities

on the surface of the weld bead. Therefore, the wire brush

used in Jet System NOo i0 was adapted for use on the new system

as shown in Figure 57.

On a high percentage of the trial runs, this shield per-

formed saLisfactorily. In order to attain increased assurance

of completely eli_:_inating CO_ from the arc area, a helium

purge was provided through t_e steel wool shield as shown in

Figure 58.

To provide more abrasion resistance for the steel wool

seal and to direct the flow of the helium purge away from the

arc, a copper skirt was inserted in the shield between the

erc and the steel wool, as shown in Figure 12 in the body of

this report° This jet system performed satisfactorily on

repeated trial runs, and was, therefore, used to fabricate

CO 2 chilled welded p&nels for mechanical property deter_r:i_;ations.

Figures 59 through 63 sho_ typical thermal cycle curves

for 1/2' plate, illustrating the charges effected by five of

t?,e jet systems.
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Plate Material

Thick-
ness

Alloy I (inch)

2014-T6
tl

I!

It

2014-T6
tt

II

tl

2014-T6

5/16
t!

It

It

5/16
oi

tl

II

1/2

Weld

Sample

Number

IAUW8186

IACFW8185

IAUW892

IACFW891

IAUW894 _
IAC FW893 ,i

IAUW8106 L;
;!

IAC FW8105

IBUW8254
II II

I
II II

wD i
: tt

It , It

IBCFW8253

IBCFW8235

IBUW896

IBCFW895

2219-T87 5/16
t! II

tt t!

I! t!

,2219-T87
! I!

J

2219-T87

5/16
I!

112

2AUW8182

f2ACFW81814

12AUW8104

12ACFW8103

2AUW8232

2ACFW82311

2BUW851A
I!

2219-T87
It

!

2219-T87
It

1/2
tl

112
t

tl

12BCFW852A

2BUWSI88
I

,2BCFW8187i

 2B w8255!I

Heat Input (1) iiHeat Extraction

(by Liquid CO )_____

A

220

220

230

230

230

230

220

220

315

315

325

335

335

220 12.5

220 12.5

210:12.5

210 12.5

220 12.0

220 112.0

V T

i

12 019 6
12:0 '6:9

12.0179

lI.5

Q1

52.7

73.6

67.0

68.7

I 9.6 !52.8

11.5 8.2

12.0 8.4

12.0 6.2

12.0 6.3

12.0 5.4

12.5 6.7

11.5 17.9

11.5 i7.2

i
!I0.9

9.6

8.4

7.7

10.4

:9.6

!9.6

_7.6

330 11.5

320 11.8

335 11.5 i 8.7

335 !11.5 :,7.6

(

12.5!7.1
315 12.5 !6.0

, I

61.9

60.3

81.6

72.1

84.1

72.8

58.6

64.3

48.4

54.9

60.0

65.6

48.7

52.8

47.4

59.7

53.2

60.9

66.8

78.7

i _ystem

_r

:i #23
zf

: #18

i"

. #18

;_ #19

I

!i #19

! #19
ii -
;i #18

i #23

i

ii #19

#19

#18

#23

#19

co2 (2)

1.5

1.67

1.44

1.62

D

2.2

1.85

1.5

1.48

1.36

1.38

Q2(3! -i:

M

10 0

-i42 7

28.0

34.5

I
(

50.6
!

52 8

:3410

16.6

i

!38.4

30.5

m

1.4 24.7

!341.39 .3

f

2.24 41.8

;!36
,41

.141

i132.

:135,
:t

:!35

:i40.

:i39
i!31
!137.

ii35.
i!3_,.

i135i:

il '
!141.
:t

!35.
_137.

!35.
!37.

_34.

36.

(I) For single pass weld in 5/16" samples and for penetration pass on!

(2) lb. of liquid C02 delivery per inch of weld (chilling available f=

(3) Theoretical heat input for chilled welds -

calculated from the change in cooling rate (peak to 450°F.) betwe_

(4) S = Scattered; L = Lineal; I = Intermittent; C = Continuous. .X



TABLE XI V

TENSILE PROPERTIES

Artificially Aged After Weldin_ [

_!-_V-]Ulti_.nate <ksi ) I Eiongation[

.iMin. Avg.!M_x'. Min'IAvg. I in 2" (70|

i I

6 35.4 36.3

0 35.3 39.0

 3.6133.9
.8:36.5

5 _6.61 37.1

5 38.3 39.9 48.6

9 32.2i 32.5 46.0

4 34.1 34.7 42.0
i

0 33.4 34.0147.0

0

9

9

3

5

1

S

) 30.6

49 0i47 5"48 7

48:714615 47[5
r

46.6 i45.5 _45.9

i43.1 40.8 41.3
i .:

49.5 48.4'49.0

48.0'48.3

42.0 44.8

42. 1:42.3

46.6 47.2

38.2 38.9i48.2 45.4 47.6

38.0 38.7!49.5 148.2 48.7

29.7 30.9!47.5 ,46.0 47.0

34.5 36.4147.5i47.2 47.3

34.6 35.1143.0'42.0 42.5

35.9 36.0i40.8 40.7 40.7

31.4 31.9!38.8 38.1 38.4

141.6 37.0 39.0
33.2! ; :

35.4 _40.8 i40.4 40.4 ;35.1

_3.5 34.2

35.6 36.0

_i . i_

36.9 38.5 47.5 43.2 44.7 :

96. 2 36.7 48.8 47.2 48.1

34.6 35.1 45.6 44.5 45.0

5 36.4 36.6 47.4 46.0 46.8

44.0 43.0 43.7

46.0 :44.7 •45.6

3.7

2.0

4.0

2.7

3.1

2.0

2.7

2.3

5.0

4.7

4.3

4.0

4.0

4.0

4.3

4.0

3.7

;

3.3
J

5.0

6.0

5.7

6.7 '

6.0

Solution H.T. and _d_After Weld':-.._

Yield (ksi)__ }Ultimate (ksi). Flnngt::;

Max. Min. Avg.! Max. Min. Avg.. in 2" ('
i

55.7 52.0 54.1! 65.5 62.8 64.2 4.0
- - - ' _, _'-- _ _ _ _ - -r, n

i v,.a, _,1• %.#%.#,

63.6 62.0 62.8 i 70.5 69.9 70.0 4.0

6.365.3

-r

62.7

64.0

62.4 63.9

w

61.0 61.4

62.9 63.5

57.5 55.1 56.6

57.1 55.0 56.2

62.5 58.7 60.0

59.6 59.1 59.4

44.5 43.5 44.0

43.6 43.3 43.5

50.4 50.2 50.3

52.3 :51.6 51.9

i

i

44.4 43.5 44.3

44.8 44.2 44.6

43.3 43.0 43.2

44.0 43.0 43.6

73.4 71.0 72.21

70.2 65.1 67.7

70.3 68.2 69.4

65.3 62.6 64.0:

64.8.63.5 64.1

72.3" 68.7 70.2

69.7 68.7 69.2

I

58.0 56.0 56.8

57.7 56.4 57.1

66.9 58.3 59.3'

61.0 60.4 60.8':

59.0 56.0 58.3

59.0 55.2 56.6

57.8 ,55.7 56.9

57.8 156.6 57.3

I

i

4.0

3.0

8.0

6.0

8.0

5.3

5.3

6.0

4.3

5.0

5.3

8.0

in 1/2" samples. Q1 = heat input in joules/in./in.

m CO 2 = 157,500 joules per lb.)

comparable chilled and unchilled weld samples.

-ray Std = NAVORD 0D7574.

q2 = ql V2 4RIv_



O

Porosity (avg.)(4.)
Naturally. _!=%_ed (30 days) After Weldinn

I _ ," -, • • , I • ,, _,\ }_e_!Larks
i Ma:,. hln. Avg. _hax. _[n. Avg. }in 2 (j_; Grade Frac.

33.] 32.9 32.0' 49.9 49.6 49.7i 3.5 O O Draw filed
(

35..8 35.0 35.5 46.6 44.9 45.5! 4.0 O 0 " " ,

6.9 24.7 25.5 36.6 35.8 36.I

5.8 25.6 25.7 38.1 36.5 37.3

3.8 #i SI 0 Draw filed

3.8 #l Sl 0 " "

4.0 - - -

4.0 - - -

6.3 #l SI Draw filed

6.0 #I SI " "

6.3 #l SI CC 2 leaked

0

0

0

5.3 #3 LC o
5.9 #I LC 0

4.0 #3 LC 5

4.3 #3 LC 2

Draw filed

CO 2 leaked

Wire brushed
I! I!

[.,) 20.6 20.9 40.6 40,_"2 40.4

,.0 22.J 2 '_.5 42.2 41. ) 41._'<

.2

.8
"? -1.7 42.6 36.1 39.4

2 21.6 40.9 40.6 4.3.8

O 1

O 0

.7.3 0

8.3 #I SI

Wire Brushed

Draw filed

CO 2 leaked

.9 1£_.6 1.9.7,39.0 38.4 38.8

,5 19.3 20.2 40.8 39.9 40.2

#1Sl 0

0 0

Draw filed
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_ f._ _!_ _ FTI_V_r,VT_,rx--LX _

for

HA NO. 2833 PAGE '' •VI I oC 1

Studies were made to determlne the apI:lieability of

" • t,._einfra_.ed ra_io'net_7 to measure_ent of temperstures of -"

_,_eld_'..entdurins tt_e velding process. A survey was made of
t t_ee were selectedvario_. _ type_ of ir_s_ "-,._ _r_Dents available, and " -

fo[" expe;'i._:ental study. All contained a P oS deLector %_ith

germanium lenses capable of ,'-:mall taz'get size and focal length

from} 6 to 30 inches or more. Two were fixed spot and the third

was a line scanner, Results of st_]dies indicated that infra]-ed

radio.-_etry could be adapted to this program by making pro-

vision.,; for the va_yin,g emittance of the _ork piece and inter-

ferenee front the welding arc. Fixed spot radiometers are
::_ore su_taLle = ___ _.o.. the _¢ork in this progra_,_, as monitoring of

the te'_pe:Pature of one or _ore single points for weld para-

meter control will be the major purpose for radiometer use.

Precise inforn_ation on the temperature of a single point

ca:mot readily be obtainc:d fro:_, a line scannin_ radio_c:ter,

while fixed point radiometers are ideally suited for this

application and are considerably less expensive. It is con-

templated that fuT:u're work would include the use of infrared

radio:_,eters in the Instrumentation, with eventual apF].ication

as a quality control device.

/

/
/



Il:_:V! e,,,,nr,,: .

I,ocatton - t'eili:ec of radiometer scan line

RADIOH,.,I ER:

RECORDER :

Gnrmantum Len.';, fo]dLng mircor, mask,

rotating reticle, PbS detector, amplifier, etc.

Scan speed = 50 in./sec.

Scan line -: 0.020" x 3" i/2" ahead of electrode

Honeywell Vislcorder, chart = 5 volts/in.

elCURm 64 . TRACE OF .,o,.t_;,_IES SCANNING RADiOI'IETER DURING

I.IELDING_ SIIO;IING SIX CONSECUTIVE SCAIiS
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